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Foamy Virus Vectors for Expressing Foreign Genes in Mammals 

and the Use Thereof 

The present invention relates to retroviral vectors based on 
foamy viruses (FV) /spumaviruses for introducing a desired 
expressible DNA into mammalian cells and mammals, the 
retroviral vector comprising the following sequences: a first 
DNA sequence which corresponds to the reverse transcript of 
part of a feline FV (feFV) and a second DNA sequence which 
permits the propagation in bacteria. The present invention 
also relates to medicaments containing these vectors. 

Retroviruses are RNA viruses in which the viral genes of a 
single-stranded RNA molecule are encoded. Having accessed the 
host cell, the viral RNA is converted via reverse 
transcription into a double-stranded DNA molecule. 
Thereafter, this DNA reaches the nucleus and integrates into 
the host genome as what is called a provirus which, in turn, 
is the template for the expression of viral genes and the 
synthesis of virion RNA. The viral gene products and the 
virion RNA combine into an intact virion which may then leave 
the cell again and infect new cells. In the past, it could be 
shown that it is possible by means of retroviruses to 
introduce foreign DNA into a desired organism where it is 
expressed. Thus, retroviruses offer themselves fundamentally 
as a vehicle for a gene therapy. However, the formerly 
achieved success was not yet satisfactory, since as a rule 
the retroviral vectors used for treating animals or humans 
only have minor efficiency. In particular the qualitatively 
insufficient expression limited in time of the therapeutic 
gene are essential limitations of the current retroviral 
vectors (Anderson 1998, Nature 392, 25). 



Thus, the invention is substantially based on the technical 
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problem of providing a viral vector by means of which 
heterologous genes can efficiently be inserted in a desired 
mammal, e.g. a cat or human being, and be expressed 
efficiently . 

The solution to this technical problem was achieved by the 
provision of the embodiments characterized in the claims. 



It could be shown that by means of a vector based on a feline 
foamy virus (FeFB) it is possible to introduce desired 
heterologous genes efficiently into a desired mammal where 
they can also be expressed. The advantages of a vector based 
on the feline FV are presumably based on its replication 
mechanism which differs from that of other retroviruses. For 
example, FeFV have an internal promoter for the expression of 
the regulatory "bel" genes which are required for the 
replication of the virus. The "pol" proteins are expressed in 
addition via a spliced RNA but not as part of a "gag-pol" 
fusion protein. Since the FeFV induces a productive and 
lifelong persisting infection of cats with permanent antigen 
expression, the FeFV has intrinsically mechanisms to overcome 
the above-mentioned deficiencies of known vectors. 
Furthermore, spumaviruses are physically relatively stable 
(minimal titer reduction when stored at 4°C) , they have a 
minor genetic variation, a high insertion capacity and are 
considered nonpathogenic; these are characteristics which 
support the use as retroviral vectors. 

For the production of an exemplary vector the entire genome 
of feline FV (FeFV) was inserted from the nucleotide 
positions 17 to 3 ' LTR in the prokaryotic vector pATl53 in 
sequential steps between the EagI- ( 5 ' LTR) and the Clal- 
(3' LTR) restriction sites. At the 5' end of the viral DNA 
insert there are in this case various inserted restriction 
sites. This recombinant DNA is genetically stable e.g. in E. 
coli K12. The biological activity of the recombinant FeFV DNA 
(expression of infectious virions) was checked after the 
transfection in permissive cells (CRFK) and it showed that 
infectious virions formed. They do not differ as regards 
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their gene expression from the initial isolate (non-cloned 
FeFV) . Moreover, it could be shown that when using this viral 
vector in which DNA sequences were inserted which code for 
neutralization-relevant epitopes of the Env surface protein 
of a serologically distinct, genetically differing FeFV 
isolate, these heterologous domains were expressed in 
transfected cells in a functionally active way. 



Thus, an embodiment of the present invention relates to a 
retroviral vector for introducing a desired expressible DNA 
into a mammalian cell, the retroviral vector comprising the 
following sequences: a first DNA sequence which corresponds 
to the reverse transcript of at least part of a feline FV 
genome and a second DNA sequence which permits the 
propagation in bacteria and thus the efficient and site- 
directed genetic modification. 

Another constituent of the vector is optionally a desired 
expressible f oreign-DNA/ therapeutic gene . 

The expression "...corresponds to the reverse transcript of 
at least part of an FV genome" used herein relates to every 
FV-DNA which is still capable of ensuring all functions of 
the FV vector which are necessary for the insertion of the 
foreign DNA and the expression thereof. 

The expression "sequence which permits the propagation in 
bacteria" used herein relates to sequences containing an 
"ori" for the replication in bacteria, a marker gene and/or a 
resistance gene. For example, such a sequence may originate 
from pAT153 (Twiggs and Sherrat, 1980, Nature 283, p. 216). 

The inventors found out that two kinds of genetic 
modification or vector types are advantageous: 

1) self -replicating, replication-competent vectors in which 
the insertion of heterologous genes do not impair the 
replication capacity and which may replicate in the 
therapeutic host. No packaging cell line or a helper 
virus is necessary for the self -replicating vectors; 
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2) replication-defective vectors in which e.g. the entire 
structural genes (gag, env, pol) were replaced by the 
foreign DNA. The virions form in what is called 
packaging cell lines which provide all deleted functions 
in trans (gag, env, pol) . These vectors contain the cis 
sequences necessary for packaging the genomes and 
expressing the foreign DNA. 

Spumaretroviruses/ foamy viruses are generally considered 
nonpathogenic, even though they may trigger diseases under 
certain experimental (artificial) conditions (transgenic 
mice) . The "apparent nonpathogenicity " of foamy viruses is 
one of their major advantages as a retroviral vector. 
However, preferably the strong Bel 1 transactivator should at 
least be inactivated functionally, preferably be deleted 
completely, in all of the self -replicating FeFV vectors. 

The foreign DNA which can be inserted in the vectors 
according to the invention is not subject to a restriction 
and, in principle, all disease-relevant genes are possible. 
Examples of foreign DNA (also referred to as heterologous 
genes or therapeutic genes) are 

immunomodulatory genes for activating or suppressing 
immune responses in the course of anti-cancer therapies, 
e.g. interleukin-2, -1, -10, etc., gamma- interferon, 
tumor necrosis factor, special tumor antigens, 
suicide genes for the specific destruction of the 
correspondingly infected cells, e.g. HSC thymidine 
kinase, E. coli cytosine deaminase, polynucleoside 
phosphorylase , 

functionally intact genes for the substitution of 
functionally defective genes in the course of the 
somatic gene therapy, 

expression of trans-dominant negative mutant proteins, 
which are used in an inhibitory manner within the scope 
of the "pathogen derived resistance" or "intracellular 
immunization" , 

genes whose protein product can be isolated and purified 
from transgenic animals in suitable form on a 
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technical /industrial scale, e.g. factor X of blood 
coagulation or the like. 

According to the invention the retroviral FV vector is a 
vector in which the genome of the feline foamy virus (FeFV) 
was used. It may be a vector in which the first DNA sequence 
is the FV-DNA sequence of the vector FeFV- 7 . This vector was 
deposited as plasmid pFeFV-7 on November 23, 1998 under DSM 
12514 with DSMZ [German-type collection of microorganisms and 
cell cultures] , Mascherorder Weg lb, 38124 Braunschweig. 

The first DNA sequence of the vector may, however, differ 
from the DNA sequence of the pFeFV-7 vector and may only be 
derived therefrom. The FeFV portion of the plasmid can be 
modified, for example, such that it is changed genetically in 
accordance with the requirements of the vector concept (self- 
replicating or replication-defective vector) and that the 
foreign DNA (also referred to as heterologous gene or 
therapeutic gene above) is inserted under the transcriptional 
control of FeFV or a heterologous promoter. For example, the 
first DNA sequence may also differ from that of the pFeFV-7 
vector according to the invention as regards its length, or 
may have various nucleotide additions, deletions of 
substitutions, e.g. originate from another field isolate of 
FeFV as long as the desired properties of the virus, e.g. as 
regards inf ectiosi ty , replication, insertion and expression 
of the foreign DNA are maintained for the desired purposes 
according to the invention. A person skilled in the art can 
determine by means of common methods, e.g. the methods 
indicated in the below examples or in Winkler et al . , J. 
Virol. 21 (1997), 6727-6741, whether the DNA sequence used 
for the production of the retroviral FeFV vector still meets 
the necessary conditions. In addition, general methods known 
in the special field can be used for the construction of the 
retroviral vectors according to the invention. These methods 
comprise e.g. common in vitro recombination techniques, 
synthetic methods and in vivo recombination methods. 

The desired foreign DNA to be expressed may be inserted at 



any site of the FV genome, provided that its expression is 
ensured by this and the desired properties of the FV (e.g. 
self -replicating or replication-defective vector) are 
maintained. In principle, the foreign DNA may be inserted at 
any site of the FeFV genome. However, it should be such that 
the FeFV portion is still active in the above-mentioned sense 
(self -replicating/replication-defective vector) . The foreign 
DNA sequence is preferably inserted between the 5 ' LTR region 
and the 3 ' LTR region. In the case of self -replicating vectors 
heterologus sequences may be inserted in the Gag, Env and 
Bel2 genes or in defined portions of the 3' -LTR; in the case 
of replication-defective vectors, the Gag, Pol, Env and 
accessory/regulatory genes are preferably replaced by the 
foreign DNA to be expressed. In order to obtain an efficient 
expression of the foreign DNA sequence, it is necessary to 
insert it in the VF vector such that it is present in 
functionally linked fashion with suitable transcriptional 
control sequences. Suitable control sequences suitable for 
the expression in mammals (i.e. promoter and/or enhancer 
sequences) are known to the person skilled in the art. The 
promoters known to the person skilled in the art are usable 
as promoters. They comprise e.g. 

the genetically modified FeFV LTR promoter or the 

internal promoter, 

constitutively active promoters, e.g. HSV-tk, CMV-IE, 
cellular housekeeping promoters, e.g. beta-actin, GADPH, 
cell-type-specific promoters for the expression in 
hematopoietic cells, the CNS, the liver, kidney, etc. 
inducible promoters, e.g. promoters dependent on 
insulin, corticoid, stress, estrogen, 

promoters which can be activated by viruses, e.g. HIV 
LTR for intracellular immunizations, 

promoters which are activated by established therapeutic 
agents (tamoxifen, etc.). 

In a particularly preferred embodiment the retroviral FV 
vector also contains a gene which codes for a detectable 
phenotypic marker. This permits checking a successful 
transformation of the desired target cell. Suitable marker 
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genes are e.g. : 

S-galactosidase 

resistance gene against neomycin, hygromycin, zeonin, 
etc . 

(humanized) green fluorescent protein GFP. 

The present invention also relates to a plasmid which 
contains the FeFV vector according to the invention. The 
plasmid may be replicated e.g. in J5. coll, in E. coli JM 109 
or DH5a, for example, and be isolated directly therefrom. 

Methods of transforming the cells for the production of the 
FV vector according to the invention (e.g. via CaP0 4 
precipitation, liposomes or electrotransf ormation, etc.) and 
for the phenotypic selection of transf ormants are known in 
the art . 

After the replication, the FV vectors according to the 
invention may be inserted in a cell, a tissue, organ, a 
patient or an animal by a number of methods. The FeFV (and 
thus also the pFeFV-7 plasmid derived therefrom) may 
replicate in cells of human origin. No absolutely essential 
changes of the plasmid pFeFV and its derivatives are 
necessary for the replication and application in human cells 
and humans so that FeFV can also infect these human cells. 
The above-mentioned methods and the co-culturing using 
vector-producing cells and direct infection with the 
retroviral vector are in consideration for the ex vivo 
application. The following are in consideration for the in 
vivo application: as DNA by the gene gun; liposome technique; 
as a free retrovirus sytstemically (e.g. intravenously), 
locally (e.g. directly into a tumor or the lymphatic organ) 
or in the form of an aerosol for the respiratory tract. In 
analogy, it is also possible to administer the vector- 
producing cells. 

Thus, the present invention also relates to cells and 
transgenic animals (i.e. mammals which are transgenic with 
respect to the DNA sequence inserted by means of the FV 
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vector according to the invention) . Methods for the 
production of such transgenic animals may be found e.g. in WO 
91/08216 or Schenkel, Johannes, 199 5, Transgene Tiere 
[Transgenic Animals] , Spektrum Akad. Verlag, Heidelberg, 
Germany . 

The present invention also relates to medicaments which 
contain the above described FV vectors. These medicaments 
optionally contain in addition a pharmaceutically acceptable 
carrier. Suitable carriers and the formulation of such 
medicaments are known to the person skilled in the art. 
Suitable carriers are e.g. phosphate-buffered common salt 
solutions, water, emulsions, e.g. oil/water emulsions, 
wetting agents, sterile solutions, etc. The kind of carrier 
depends, of course, on how the FV vector according to the 
invention is to be administered. The suitable dosage is 
determined by the attending physician and depends on various 
factors, e.g. the age, sex, weight of the animal or patient, 
the severity of the disease, the kind of administration, etc. 

The FV vector according to the invention may also be used 
e.g. for the expression of DNA sequences which code for 
neutralizing epitopes of pathogens, i.e. it may be used for a 
vaccination against these pathogens. This is of interest 
above all as regards the infectious diseases, e.g. in cats, 
for which no suitable vaccines have been available thus far. 
In this connection, it is to be noted that the expressed 
epitopes are therapeutic (immunologically) active domains and 
the vaccination does not lead to e.g. an immunopathogenesis 
in the case of subsequent virus challenge. For example, the 
foreign DNA sequence may code for neutralizing epitopes of 
the feline immunodeficiency virus (FIV) . In this case, an FV 
vector is obtained which permits the efficient vaccination of 
cats over FIV. Other suitable foreign DNAs are viral Env 
surface domains or T-cell epitopes of viral structural or 
non-structural proteins. As stated above already, the use of 
the subject matters according to the invention is by no means 
limited to vaccination but represents generally a vehicle for 
gene therapy. 
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In order to demonstrate the feasibility of FeFV-based 
vectors, the epitopes, relevant for virus neutralization, of 
the FUV isolate used by the inventors were exchanged by the 
corresponding sequences of an FeFV virus similar to isolate 
951 (Flower et al . , 1985, Arch. Virol. 83, p. 53). The 
genetically modified virus is replication-competent and due 
to the exchange of neutralization-relevant epitopes will no 
longer be neutralized by sera against the FeFV-FUV isolate. 
Due to its distinct immunological characteristics this 
genetically modified, now 951-similar FeFV may possibly then 
be used in cats (or humans) as a gene- therapeutic vector if a 
humoral immunity against the original FUV-similar vector is 
already present. Such a situation may exist if the 
therapeutic use of the vector must be carried out repeatedly. 
Thus, the availability of the immunologically distinct FeFV 
vectors can permit a substantially more flexible use of these 
recombinant viruses in the therapy. In spite of existing 
immunity against an FeFV virus isolate therapeutic 
applications are still possible with the other FeFV serotype, 
which is an advantage that none of the other retroviral 
vector systems has . 

The FV vector according to the invention is not only suitable 
for the gene therapy/vaccination of animals, e.g. cats, but 
also for the corresponding therapies in humans . Due to the 
fact that (a) with the above described FeFV vector according 
to the invention cats can be vaccinated against FIV, and (b) 
the FIV infection of the cat is strongly similar, from a 
molecular-biological and pathogenetic view, to the HIV 
infection of humans (see e.g. in this connection Elder et 
al . , Aids Research and Human Retroviruses 14. (1998), 797- 
801) , it may be assumed that the FV vector according to the 
invention is not only suitable for gene therapy in humans as 
regards e.g. the introduction of tumor suppressor genes but 
also useful for carrying out a vaccination against HIV. For a 
vaccination against the HIV infection primary T cell epitopes 
and sequences of the HIV structural and non-structural 
proteins offer themselves, which carry immunorelevant 
epitopes, on the one hand, and at the same time are conserved 





at least moderately. The inventors confirmed that feline and 
human cells replicate the vector according to the invention, 
and recombinant vector particles form in both cell types 
(e.g. feline CRFK cells, human 293T cells) . 

Finally, the present invention also relates to the use of the 
FV vector according to the invention for vaccination, 
preferably against FIV in cats or HIV in humans. 

The figures show: 

Figure 1: diagram of the organization of the FeFV 

provirus 

Figure 2: nucleic acid sequence and derived amino acid 



The below examples illustrate the invention. 
Example 1 

Production of an FeFV vector (pFeFV-z) 

The production of FeFV isolates, the DNA extraction, the 
construction of recombinant FeFV DNA clones and the analysis 
of these clones was made as described in principle in Winkler 
et al., J. Virol., 71 (1997), 6727,6741. FeFV DNA sequences 
of the nucleotide positions 5118 to 7431 were carried out by 
"long-template PCR" using specific primers and the DNA of 
"Crandell" feline kidney cells (CRFK cells) infected with 
FeFV. The primers are: 



sequence of FeFV (Winkler et al . , J. of Virology, 
Vol. 71, No. 9, Sep. 1997, pp. 6727-6741) 



Figure 



3 : 



map of the clone pFeFV-7 (length: 14.463 bp) 
The portions corresponding to pATl53 and FeFV are 
characterized. Moreover, the positions of the most 
important restriction sites are indicated. 



5118 : 
7431: 



5 ' -CCTCATGCTTACGGGAATAATCTGGCTG- 3 ' ( forward) 
5 ' -GAATAGCATACCAGAGCCTACAGGGCTC - 3 ' (reverse) 



7163 : 5 1 -CCAATTGGACAAGAGTAGAATCCTATGG-3 ' ( forward) 

9057 : 5 ' -TTCTCCAAGGAGCTGCAGCCACTCTGG-3 ' (reverse) 

5775: 5 ' - TTTGCTC AGTGGGC AAAGGAAAGGAAT AT AC AATTGG - 3 ' 

( forward) 

10522: 5 ' -GTTGACACTGATTTATATGGCAC AATAATTCCTCTC - 3 ' ( re vers e ) 

The resulting amplified DNA was cloned in pCRU vectors 
(Invitrogen company, Netherlands) by means of common methods. 
Correct recombinant DNA clones were excised using Ndel (in 
FeFV) and Ecll36ll (in the pCRII vector) and the resulting 
fragment of about 2.3 kpb was inserted in the FeFV- DNA clone 
7 (cleaved by Clal, thereafter provided with blunt ends by 
means of Klenow polymerase and finally excised using Ndel) . 
Clone 7 contains FeFC-DNA sequences from nucleotide positions 
17 to 5811 (winkler et al . , 1997). By this cloning FeFV 
clones were obtained which extended from the nucleotide 
position 17 to 7431 (clones 24 and 28) . 

At the same time, the FeFV insertion was subcloned from the 
recombinant clones 4,6 and 8, which contained FeFV- DNA 
sequences from nucleotide positions 8636 to the 3 1 -end of the 
3 1 LTR (Winkler et al . , 1977), into the vector pBluescript KS 
(Stratagene company, Heidelberg, Germany) , the common 
flanking enzyme restriction sites of the polylinker having 
been used. In the resulting clones 5,7 and 15 Clal and Apal 
restriction sites from the PCR primers and the polylinker 
site of the vector follow the 3' end of the genome. FeFV- DNA 
sequences from nucleotide positions 7163 to 9057 were 
amplified by " long- template PCR" using the above-mentioned 
primers and cloned into the plasmid pCRII as described above, 
the clone V being obtained. 

For the production of a clone which contains the complete 
proviral DNA, the following cloned, above described DNA 
fragments were linked with one another in a triple ligation: 
The Apal (vector restriction site) /Pml I-f ragment of clones 
24/28 + the Pmll/PstI fragment of clone V + the Pstl/Apal 
fragment of clones 5, 7 and 15. 
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The resulting DNA clones were genetically stable and 
contained FeFV DNA from nucleotide positions 17 to 11700 as 
an insertion in the pBluescript vector. The FeFV insertion 
between the EagI and Clal sites which flank the FeFV DNA, 
were then subcloned into the correspondingly excised vector 
PAT153 (- "high copy-number" deletion mutant of pBR322; 
Twiggs and Sherrat, 1980, Nature 2 83, page 216) . 

Various independently obtained clones were analyzed after the 
transfection in FeFV-permissive eukaryotic CRFK cells. 
However, little infectiosity showed. Clone 13 showed a 
moderate viral infectiosity and was therefore used for the 
complete restauration of the infectiosity. FeFV-DNA sequences 
from nucleotide positions 5775 to 10522 was amplified by 
means of long- template PCR using the above-mentioned primers 
and excised directly with BstZ17I (nucleotide position 5980) 
and Bsal (nucleotide position 10137). The resulting DNA 
fragment having a length of about 4.2 kbp was used for 
exchanging the corresponding sequences of clone 13 (with 
complete length) . After the transfection in CRFK cells it 
showed that the resulting FeFV clone pFeFV-7 was fully 
infectious and genetically stable. The resulting recombinant 
FeFV virus could not be distinguished from non-cloned viruses 
obtained from cell cultures. pFeFV-7 was deposited on 
November 23, 1998 under number DSM 12514 with DSMZ, 
Mascheroder Weg 2, Braunschweig, Germany. 

Example 2 

Production of a neutralization-resistant variant of pFeFV-7 
expressing heterologous sequences of the FeFV serotype 951 in 
feline cells 

In order to demonstrate the feasibility of FeFV-based 
vectors, the epitopes of the above described FeFV-7 isolate 
which are relevant for the virus neutralization were 
exchanged by the corresponding sequences of an FeFV virus 
similar to isolate 951 (Flower et al . , 1985, Arch. Virol. 83, 



53) . 

The following steps were taken: 
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The Env DNA sequences of the FeFV isolate 951 were amplified 
from DNA of FeFV-951-inf ected CRFK cells with the forward 
primer 5 - G AC AT AC C TG AAG AT AT T C - 3 ' (position 6418) and the 
reverse primer 5 ' -CGACTTGTACCAGGCCTATTCCTGG- 3 ' (position 
9901) by means of PCR. The amplificate was digested by means 
of the restriction endonuclease Kpnl and the 3.5 kB long DNA 
fragment was isolated. The above-described FeFV vector pFeFV- 
7 was digested simultaneously with Kpn and the DNA fragment 
corresponding to the vector backbone was isolated. Both DNAs 
were ligated with each other and the recombinants were 
identified, in which the FeFV-951 env DNA sequences had been 
inserted in proper orientation in pFeFV-7. The resulting DNA 
clone pFEFV-7/951 is genetically stable. Following 
transfection in CRFK cells the protein expression pattern of 
this clone cannot be distinguished from the wild-type clone 
pFeFV-7. Plasmid pFeFV-7/951 induced the synthesis of 
infectious FeFV particles . 

The genetically modified hybrid pFeFV-7/951 is replication- 
competent and is no longer neutralized by sera against the 
FeFV isolate due to the exchange of neutralization-relevant 
epitopes. This was shown in neutralization studies: Sera 
which are directed against the FEFV isolate, neutralize 
descendants of the plasmid FeFV-7 but not viruses of the 
pFEFV-7/951 clone. Sera against the FeFV isolate 951 
neutralize correspondingly viruses of the pFeFV-7/951 clone 
but not of plasmid pFeFV-7 . 

In this example, a chimeric hybrid vector was thus 
constructed which expresses in efficient and stable manner 
heterologous protein sequences. In addition, a vector pair 
(plasmids pFeFV-7 and pFeFV-7/951) was constructed for the 
first time which induces no cross-neutralizing antibodies. 

In a therapeutic application of both vectors, thus a serotype 
(e.g. FeFV-7) may first be used for the transfer of the 
therapeutic gene. If a patient establishes a neutralizing 
seroreactivity against this vector serotype, the other 
serotype (in this case pFeFV-7/951) may be used, against 



# 

which no neutralizing antibodies exist. Therapeutic 
applications would still be possible with the other serotype 
in spite of an existing immunity against a virus isolate. 
This is an advantage which no other retroviral vector system 
has . 
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20 
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A retroviral vector for introducing a desired, 
expressible DNA into a mammalian cell, wherein the 
retroviral vector comprises the following sequences: A 
first DNA sequence corresponding to the reverse 
transcript of at least part of a feline foamy virus 
(FeFV) , and a second DNA sequence permitting the 
propagation in bacteria. 

The retroviral vector according to claim 1, wherein the 
vector further comprises a desired expressible foreign 
DNA. 

tW; retroviral vector according to claim 1 or 2 , wherein 
thes. first DNA sequence comprises the reverse transcript 
of the entire foamy virus. 

The retroviral vector according to any one of claims 1 to 

3, whereisn the first DNA sequence comprises both 5 1 LTR 
and 3 ' LTR Vf a foamy virus . 

The retroviral vector according to any one of claims 1 to 

4, wherein the. second DNA sequence is inserted in the 
5 ' LTR region anchor 3 ' LTR region of the foamy virus. 

The retroviral veccor according to any one of claims 1 to 

5, which additionally contains a gene coding for an 
identifiable phenotypi\c marker. 

The retroviral vector according to any one of claims 1 to 

6, wherein the foreigri DNA sequence codes for 
neutralizing epitopes of Vhe feline immunodeficiency 
virus (FIV) or the human immunodeficiency virus (HIV) . 
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8. 'fthe retroviral vector according to any one of claims 1 to 
7,Nwherein the first DNA sequence is that of the plasmid 
pFeF\K-7 deposited with the DSMZ (German Type Collection 
of Microorganisms and Cell Cultures) on November 23, 1998 
(DSM 125^4) . 
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9. A plasmid containing the retroviral vector according to 
any one of cPaims 1 to 8 . 



10. A cell containing the plasmid according to\ claim 9. 



11. The cell according to claim 10, which is an animal cell. 



15 



12. The cell according to claim 11, which is a mammalian 
cell. 



20 



13. A^transgenic animal containing the retroviral vector 
according to any one of claims 1 to 8 or the plasmid 
according to claim 9 . 

14. Use of Vhe vector according to any one of claims 1 to 8 
or the prasmid according to claim 9 for the production of 
a medicameiat for vaccination. 



25 



15 . Use of the vector according to claim 7 for the production 
of a medicament for the vaccination of cats against FIV 
or human beings\ against HIV. 



30 



16. Use of the vector\ according to any one of claims 1 to 8 
or the plasmid according to claim 9 for the production of 
a medicament for \the gene- therapeutic treatment of 
patients . 
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Abstract of the Disclosure 



The invention relates to retroviral vectors based on feline 
foamy viruses (FeFV) for introducing a desired, expressible 
DNA into a mammalian cell. An example of the vector according 
to the invention is a vector which permits the expression of 
neutralizing epitopes of the feline immunodeficiency virus 
(FIV) in cats or of the human immunodeficiency virus (HIV) in 
humans and thus enables an effective vaccination. 
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13 55 TGC^^CCCAACGTGGGG CTCGAT^^GTGAAArc ^ 7^ 

1456 AAATCCTCTCCAArTACAGCAACTGTA^r^^ 

^?IiQLQQlYZ^MGLQ?M?aHGD I I Ava??GG?"w 

1 S S « GGTCCAGGTGATAGATGGG CTAGAGTGACAATAC3 ATTACAAGAXAACACAGGACAAc: CTTTACAGGTTCCTGGATATGATTTGGAACCTGGGATAAIAA 

ATTTOAGJU3AGC»aMCrTCA2AGCAGGGCC^ 

lr v 2 □ r i r " a" ~ a ? y ' n ' i ; a r a ? l □ i 3 ? a .1 a ? *_ a k c ? 7 

1756 TOGAaATGGCAGAzrAeAGCCTGGAGATSGTTTArC^ CAACCTAr tnCTSATS AAQ AAATACXAGCTUlAAGTAGGAAC^^^^rGCr GC^ 

- C3 D G A Z* Q P S "~3 I, S~ ~2 G ? Q ? I 7 3 3 2 Z Q A 2 V G T I G A A 

1 9 5 5 AGAAATSAGA*T»ACATrAr^<=SGAAaCT 

a.»3ia^ia2ALGa^gAGG7Ga.?:?sAv^c?Q?vi 



2 a S 5 TATTCLJWU^GAGTAirT^CCCA 

I 2 G V ? 3 - V3QVTAM^VT^AtjVAaH?a^r^Tr^2 

G C CGGGAjGCTCGAATG^T^CC^IATC^jG CI ^ 

AG 3 V » A A Z 3 A Z* W 3. :< A H G A A A Q H 2 1* A G V i, 3 3 " )f I iC 

2255 

US? CCT3CTAACCiAT3CrCAGTCACAATTr^ 

L V. ? 3 A Q 3 Q f 3 1 X G 3 3 IQ3.A2^J?^Vr33i^TML 

2 4 s s (^rrrrrcAATAEACArGGGCAA^ 

Gu>JI33Q5;s.?3. , 7QTg?^3Ta.?R^?Ga.3Qgc3QI ( N 

2555 ATCjGG:=^GACrCCAAAA2ZAGAGCZ3^^ 

Q P a ? Q H aA^Q3YX?PRQQag 3 S 3Y?2Qa3Qa S? 

2535 GTsscaAcurcsrcsT t HS A A/S TSGAiSSAcsAiraja ^ r susgaccaaacccstrc 

3Q5?RGSGGG75I?aaS?QQPqa.YGgG??GP2IPT* 

27S5 CSACSATTCGGAGAxr^^^TAATCCTCA^ 

Ra?GDG<3Sr?Q.aQ.a???2ia.GPDQGPR?GGS?aG-GG 

2355 GAAGAGGTt3AAGG7CCAAGAAA~GGAGaA^ 

Pol M 3 !* L X 5 L 
a Q Q G ?aSGGGS.\AAVH?V3CA3 StfSTSJTGSASAV 

3 355 Tt^C5G7GGAAAgAAAQG<5G^5WWU5AT^^ + 'o x-JCCAAAGGA l-J , :i J wI i lJ UGGAGAAGAACCTGT 

TVZRXGVXrXGYW D 3 0 A DITCVP.^DLZiQGSSPV 
D G G K K G G X 2 " 

3 055 TAGGCAGCAAAAOTTaACTACTATACATOOA^ 

aQQifvTTisGTqsGavv'TVSJ.xrDGaa.r^rrvi 

3155 GGGACAA C- " 1 " 1 'GGAC2^ UI UlJ^ lTTA^AACTCCTGGAGATGSU l-r T ^ G Al Z ' l^J AAGAAAClTr IT ZA GAATTSAC^ATTAA 

GTTI i DrAi:r?GDVpWIlXX?LSLTIKI.QL33QQ 

3255 . AAC-GGA L : ' .!. ' IV LCTIAACAAirrCZZA ^ ^TZ^— VTCZZVAAA 

aTiL3S5-i5KXGX£ZLXQL7ZSr3Ai^G3W3^ 

33 55 TCAGGTCaSGTCASaraAAriaATrJ^GC^ACAJI^^ 

q v a h a a x a ? h x i a t g t v :c ? r ? q :< q ? s r m ? s a -c ? 

3 4 S 5 GATATTCAGArrGTG3ll3lAATGATTT^^ 

d z Q z v i ;i d ^ l :-c q g v ^ ; q x 3 s ? m >r 7 ? v r ? v ? £ ? :r G 



35S5 GTCCCTGSAGAATGG^SU^SGACTAirUMC^ 

a w a m v i. 3 t a a v s x v t ? ZiiAvqiTQaarG : i g 3 z. ? 

3 6 S 5 TAAAGGTTkGAr^AAAACrACAATraArTT^CCAA^ 

K3aT3CrT;3i53G7MA3?IVP2D*rV"rA?rWQG 



Fig- 2 
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K Q ? C ~ W " T V li ? Q G ? _. >7 3 ? G u ? T G D V V 3 L li Q G I ? >? V 3 



3 356 AAOTCTA^TGGACSATGTATATAir^CTCAT^ 

V T V D D V V IsaD52 X 32w3?LD I L 7 X L -C S A Q T I 

I 3 I. X K 3 N IAM3IVD7L3FQ I TH2c3RGI.TD?7 K2 

4 0 S S AAATTCXIAAAAlTATr ACTGCC CCTA^ 

- I A ? L - -\ Ii I ? X 5 r X M T V ? W Q I Z 3 3 ? T L 3 T L Z ? S L 

425a AAAC^GG<^G^T.\r?TACAAGGJW^^ 

m g a s y r* c g r ?: g a x t l : x x v a a 3 7 t 7 g 7 t a 7 7 * 2 

42£^ c3GGGAAAAGiACCr^J^ATC CI^TG~AAGTA-AGTGTTCAGCAAAAC^ CTCACCACTGTSCACAAGGGTC 

g 3 :< :< ? z s 7 v a : v ? 3 s r 2 l x ? t 2 1* 2 x l r r v 3 ;c 3 l 

4 4 s 5 rtrr*?AAAcacrrTtK^cTTGTc^^ 

l :< a 3 1 5 m 3 q >t : >: v t s ? z v 3 « q ;r ; 0 x r ? 0 7 a :< x 

4S£ S GGCT^rTGGCCrCTCCATGGTTGAGTrSGCTTTC^^ 

a */ 3 r g t. d >i x "a 2 3 3 :/r c 3 " ? tt 2 g 5 ^ - 7 9 ? ~ - s 3 3 

4755 Arr^AACSCrSOAATGC^AA^aXSTT 

Zi H A (3 M 3 Zy^yi^XOG^lsQKQQZVS Z S 1 G S 7 A 2 

4855 " ATTTGCMAAA^M^SCI^rTGa^ CAAAAGCA 

?A3rAA?37AiJC3:cri?I*GG2r;i.VVT052r7VASA 

4 a s TAXAAraAagAflgrri^^crrrGaQCcrc^^ 



S a £ 6 AAACAT7AAGG<C=IGATG7?GT7GTCA^ 

aLa?DVVVTHiPG3QXLD33?HAYGJT^LA22 LA 

cTVCT3CAAl3CCAGTrrrAAA(TrACA^^ 
TQAS7KVH«T. 1 C»?Xr.DISgi!CAiaACQ»3l33.I.? 

525 S 0 1 'J ' J L, +'.l!ATCCIAAAACAASATACCTIAr^ 

S 3 S 6 A2AAACT7A2TAAAGAAGCAGVZA^ 

XI 1 IKSAHM;sHAG3.3A7Ii^XrQ3^ , i'W^?5M3:X3 

5-i5ff TATATCATCTrTrCrTTCTACATGTAATa^ 

ia37LS?C3VC5MV>f?iSILS?I3?QAIV3?-"?iC? 

?D X 7 7 M 0 7 I G ? L ? ? 5 2 G 7 V H V L 1 / V V 3 A A 7 <3 7 T W L 

5556 TtTTACCCCACTZ^ACWCTGiAACC^ 

7 ? 7 K A Q 7 S X A 7 I -CVLUaLTSLA - ? K v l a s a o q 3 

575$ AGCA3rrTA l^ ' 1^U AAGA*^-:r^^^ 

S a S o AaGAAAAACAG 7 r3AAATTAACAAA^, . --A AeTAAGCr v: " : , ' . J vi 1 T iSSG^gS O^J I^ ' A AAGTgGTATAACCT^a^ATCCAGT^^ 



S3S5 ACACTCATCTTCrC%GcrurZ3^TZ^^ 

JOSS AGAASVAGAACTTGCrcrcrTG<2W^ 

332iAiI.<3EI-l3313:-i?VQ??-:C5GV5?'rVGq^ 

5 IS S GXCeaCGAGAGd^GTACAQGCCgTCACAAT^La^C l 'GGAAATAIT3AArCCrAaAACTGTGJ: 



Fig. 2 (cont'd) 
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Sa-r M 3 Q 2 H V M T L 5 2 W M 

TnGAA-TCGAAXGCT^ZAAAcLAA^ 
aM2CSQ7TT3TSVD33* 

? Li X M a M A S Jt, C Y 7 i C A 7 S 7 3- Z M ? W I L ? ? L -i - - C ? 3 I 
QTTACCTTCl^TA^V^TT'A^AAGTA'l ^^'1 AGA^A7CAATCGAAAGAAG CAA:T^A£A£AT C CTGG^ CC^T CTT^^CTGG C?jGGTG^CTJIATT CACAT G 

vTiiSTri3ri,"a""y "a"" * :< 3 a r t h ? g ? */ l 3 w q v 7 ;i s H v 
Terr: ■rvrrcsCACCTCAAciiAAAAccrasir^^ TC 7CAAG7GA77 c77A7tgac7CToAT ACTATTAcrcAAijCT 

CATATTAAA C AA/SUSAAACC^ _ _ 1 ^CT^ACC^L^C^AGCSACZ 

3XXQQIA?I,VS7IM33M3QIi'3XTVL?_73L?IXa3 

C7C7AAC7CTVAAA<&SAArACAT7^GAAAAAA^ 

L. 7 <3 K 2 *? I Z X a C ? Q X 7 3 3 C TT V Z A 7 51 3 >7 ;< V V ? S Q 3 

TTT AATACAAQArCAATSTCaATrACCr ^rLlaL^: . -^ AAA^ACTTAAAGTA^^GAACCACA C ^ 

i i q a q c ? - ??a?(3s^txYaii3rTj^s?Y - x 

. G7AX£CTC:r^TTGGACAAGAi^^ 
V S' -S S W T ?„ V 2 5 "? <S n I ?. I OS 7 X V ? D 2 ?RQ:rAT3<5I ? 

."1 ' ^1 7 C7*3ATGgAcs^A^urrju ^T^ 

C3DALrS^W??RaL7SSVQQ5?AQAri TX?LMX 

AAGC3AA^AafigAAC^ajrt7Tg^^ 
RKlEgPT!RD2AF?X3L.SPV(aSGMI.S'R5I*I3TDr 

C.VHP^AVL IiIattXTYrTPS L W 3 <3 D CGY'/QHIJL.TL.H 

ATCCSSam?I3UgBAC77CAAX^ 

3 A C K H ?MRriODH?TACR?WRSX , rD SS3VQCT» 

~AAXGATATG2CT7!Xr7A£5^^ 
ATTlSAAgAAAAGC3AAXCTSC ^ V5lAAA^ 

I 3 S K SL rW3tX2fYTL33V-r,A3CV!rQAMS7a 

CCAAAC^AGATCrGaSArrrGGGAAT^ 

SIiOLI7GSI»raQ3A03AripVJISrTW?RV2SQ5I 

7AAAOACA A AAAAC C T L 1 - 1 ILriV^U AGAA^ 
XQQX TS C £ RSXaRaQRRSV5T32TI.aRIQSAaiiS 

i.\3rAirTVAKISDi!inQXIiAKGV3IiiiRD3VVTLM 

TGGAAGCCAATTTGGArSATATTQTQTCCC^rtGQAGM 

3AJfLDD:vSLa33:Qia3IH3f3L?3L:<LLTL32r 

R I D W R ? Z »DaWiq*3iGVSD2rtMXVIRXTARCI 
CU77ACAATCm=iAACAAAC7^tf^AA^ 

w^;sjric;aL , /R»AGri l 5xrwiaa??37L.^ 5iCG 
Fig. 2 (cont'd) 




N 



YLHM22CVDQ3 



I c 3 2 vr" M 3 L 



PCGJTG7GS 



GACrQCCCAGTC^AACCSWUCCACTTAO^^ 

a c?vi i Tx?s ( TDZYi.si2 5i.3:--ji" ; Gr-sYi.VL3 sttdc^g 

G CATAC CJ>G CTTAC5TG C Ll 1 Lj lU^T ' l ' A raJU^^TQAATGajCACaATCUSC 
I ? A V V ? VVI TVMDTISC 



^~^£AACTAAGAG^£CTCGCrrT:AX^^ 



Y A ? 3 V ? Q L3I.av?XLr3 L I AS I X G I Q I H — ■ - r 5 3 




AAGGACCAATAACTGAGGGGGTTC^AGAA^ 
K D Q 



AAGGTC3AAC 




Hi - ATA3 A 7 1. X3CQDV? G ? I* L ? I_ I, 3 P T V M A W 3 S P 
S 3aGHTS-<3 3S<3GrMSBVS? r S W L 2GLM03G73YA 

Q»vvrar.v»i<s25WKXYii,3 ? g w x o casaoiTM 

I.T3..3IiIiV? G ZGI«VgiAATLT-CT' , ? , VLMCJT3aCI7G 

tWMSrriSa:. 2T?LTQQCI?1MXTI.. 5lMLWaAgA03?SD 

?P7 03 

ATc^GcrrcccrgTaTcccAGA^cvAa uiri ' i^ 

V A 3 L . T P R. T K */ 7 S A 5 H ? 3 I ? G 3 AS G S 3 22-1 V 3 A 

SS^SHaG2-V3LLPSSD333SS3IS3IlSELt,CHI» 
CaGTGT=AACAAAAGCTCrrT^ 

QCgaKL?Y?3dr7DViGMZS2fVWirS?V3:S7?X 

AAGGAAGAAAAGTGAXACTTCCrCAgGSAA^ 

G T X V I i ?- D aXX?IACD?St.3CP-LLg 2I.X710XAT 

333S353-^ 
CTTCACGCCSAAGTTTTTGGTTCaAATCCT^^ 



Fia. 2 (cont'd) 
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY 
(Includes Reference to Provisional ond PCT international Applications) 



Attorney's Docket No. 
012627-022 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name- 

I believe I am the orig^, furst and sole inventor (if only one name is listed below) or'an original, first and joint inventor 
^plural names are listed below) of the subject matter which is claimed and for which a patentiTsought on the invS 

FOAMY VIRUS VECTORS FOR EXPRESSING FOREIGN GENES IN MAMMALS AND THE USE THEREOF 



the specification of which (check only one item below): 

□ is attached hereto. 
□ 



was filed an United States application 

Number ^ 

on 



and was amended 

on 



(if applicable)* 



□3 



was filed as PCT international application 

Number PCT/DE99/04052 

on 17 December 1999 



and was amended 
on 



(if applicable). 



>eby state that I have reviewed and understand the contents of the above-identified specification, including the claims, 
nended by any amendment referred to above. 

cnowledge the duty to disclose to the Office all information known to me to be material to patentability as defined in 
j 37, Code of Federal Regulations, §1,56, 

i mxoby claim foreign priority benefits under Title 35, United States Code, §119 (a)-(e) of any foreign application^) for 
patent or inventor's certificate or of any PCT international application(s) designating at least one country other than the 
United States of America listed below and have also identified below any foreign application^) for patent or inventor's 
certificate or any PCT international application^) designating at least one country other than the United States of America 
filed by me on the same subject matter having a filing date before that of the application(s) of which priority is claimed: 



PRIOR FOREIGN/PCT APPLICATIONS) AND ANY PRIORITY CLAIMS UNDER 35 U.fi.r!. « 1 1 <V 


COUNTRY 
[If PCT. Indicate "PCT") 


APPLICATION NUMBER 


DATE OF FiUNG 
{day, month, year) 


PRIORITY CLAfMED 
UNDER 35 U.S.C. 5119 


DE 


198 58 441.5 


17 December 1998 


JSLYes 


No 








_Yes 


No 








_Yes 


_No 








Yes 


No 








_Yes 


.No 


I hereby claim the benefit under Tide 35, United States Code § 119(e) of any United States provisional application(s) listed 
below. 


(Application Number) 


(Filing Date) 






(Application Number) 


(Filing Date) 
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY (CONT'D) 
(Included Reference to Provisional and PCT International Applications) 



Attorney's Docket No: 
012627-022 



I hereby claim the benefit under Title 35, United States Code, §120 of any United States applications(s) or PCT 
international application^) designating the United States of America that is/are listed below and, insofar as the subject 
matter of each of the claims of this application is not disclosed in that/those prior application^) in the manner provided bv 
the first paragraph of Title 35, United States Code, §112, 1 acknowledge the duty to disclose to the Office all information 
known to me to be material to the patentability as defined in Title 37, Code of Federal Regulations §1 56 which became 
available between the filing date of the prior application^) and the national or PCT international fUine date of this 
application: * 


PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S. FOR BENEFIT UNDPR w r ■ * r si*n. 


U.S, APPLICATIONS 


STATUS 4chack anal 


U.S. APPLICATION NUMBER 


U.S. FILING DATE 


PATENTED 


PENDING 


ABANDONED 
































PCT APPLICATIONS DESIGNATING THE LLS. 








:T APPLICATION NO. 


PCT FILING DATE 


U.S. APPLICATION NUMBERS 
ASSIGNED (if any) 













































teby appoint the following attorneys and agents) to prosecute said application and to transact all business in the Patent 
Trademark Office connected therewith and to file, prosecute and to transact all business in connection with 
rnational applications directed to said invention: 



William L. Mathis 17.337^ 

Etobtrt S. Sweeter " 19,885__ 

Platon N- Mandras ^227124^ 

Beaton S. Duffen, Jr. "22,030 

Norman H, Stepno ""22.716 

Ronald L* Grudzlecki '24»970 . 

Frederick; Q. Michaud. Jr. "26.003 , - 

AJan E. KopecJd '25,813^. 

Regis E. Slutter ~~26,999 

Samuel C, Miller, m ^2^36Q~ 

Robert G. Mukai ^28^31— 

George A. Hovanec, Jr. ,28,-223— 

James A. LaBarre 28,632 

E. Joseph Gess -^5i,5l0- 

R. Danny Huntington 27,903= 



Eric H. Weisblan 
James W. Peterson 
Teresa Stanefc Rea 
Robert E. Krebs 
William C, Rowland 
T* Gene rhUahunty 
Patrick C. Keane 
B. Jefferson Bogga, Jr. 
William H. Benz 
Peter K. Skiff 
Richard J, McGrath 
Matthew L. Schneider 
Michael G, Savage 
Gerald F. Swiss 
Charles F. Wietajtd TJJ 



3Q^42jL 
25,S85_ 

^25.423 
— 32;8SC 



Bruce T. WIcder 
Todd R. Walters 
Ranni S. Jill ions 
Harold R. Brown III 
Allen R. Baum 
Brian P. O'Shaugbncssy 
Kenneth B. Leffler 
Fred W. Hathaway 
Wendi L. Weiratein 
Mary Ana Dillatmoty 



__3M4t— 
_16 t 0J36~ 

-32^36- 
_34,456— 
34,576 



32j|j5^ Lg- 




21339 



and: 



Address all correspondence to: 




21839 

Address all telephone calls to: 



-Te resa Stanek L 
BURNgJBOANEr-SWECKER &-MATHjSrfcrk»P. 
P- O^Bok 1404 

Alexandria, Virginia 22313-1404 



Teresa Stanek Rea 



at (703) 836-6620. 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false state- 
ments and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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